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The kinetics and subcellular localization of protein activity is precisely con-
trolled to regulate protein interactions and to create specific signaling networks.
To study this important aspect of cell signaling, genetically encoded methods
are being developed to control protein activity with light in living cells and an-
imals (1-4). Here we describe a new approach that promises to be broadly ap-
plicable and is simple to apply. Through an in vitro selection from a protein
domain library with more than 10^13 unique sequences using mRNA display,
we developed Zdark, a small protein based on the Z domain (5) that binds only
to the dark state of the LOV2 domain from Avena sativa phototropin (Figure 1).
Zdark binds to LOV2 with a Kd of ~100nM in the dark, but shows no detectable
binding upon irradiation with blue light. In our new method (dubbed LOV-
TRAP for LOV trapping and release of active protein) the LOV domain is
anchored at an intracellular membrane (here mitochondrial) and the protein
of interest is fused to Zdark. In the dark, the Zdark-protein fusion is sequestered
at a membrane where it cannot interact with its targets. Upon irradiation, Zdark-
protein fusion is released rapidly (< 0.5s) and reversibly from the sequestering
site. To date, we have completed caging of VAV2, Rac1 and RhoA, and shown
effects of these proteins on oscillation frequencies at the cell edge. Progress
with other targets will be described, as will the use of the approach to control
protein dimerization. A crystal structure will be presented to illuminate the
Zdark-LOV interaction.
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Potassium channels have been found in the inner mitochondrial membranes of
various cells. These channels are regulating the mitochondrial membrane po-
tential, the matrix volume and respiration. In our study, the single-channel ac-
tivity of a large-conductance Ca2þ-regulated potassium (mitoBKCa) channel
was measured by a patch-clamping of mitoplasts isolated from rat astrocytes.
A potassium-selective current was recorded with a mean conductance of 290
pS. The channel was inhibited by paxilline and iberiotoxin, inhibitors of
BKCa channels. Western blot analysis and immunofluorescence demonstrated
the presence of the BKCa channel b4 subunit in the inner mitochondrial mem-
branes of the astrocytes. We have shown that substrates of the respiratory chain,
such as NADH, succinate, and glutamate/malate are decreasing the activity of
the channel at positive voltage. The effect was abolished by rotenone, antimy-
cin and cyanide, inhibitors of the respiratory chain. The interaction of the b4
subunit of mitoBKCa with cytochrome c oxidase was demonstrated by using
of Blue Native electrophoresis. Our findings indicate structural and functional
coupling of an electron transport chain with the mitoBKCa channel in rat
astrocytes.
1102-Plat
Current Insights into the Molecular Mechanisms of VDAC-Tubulin
Interaction
Tatiana K. Rostovtseva1, Philip A. Gurnev1,2, Kely L. Sheldon1,3,
Oscar Teijido1, Vicente M. Aguilella4, Sergei Y. Noskov1,5,
Sergey M. Bezrukov1.
1NICHD, NIH, Bethesda, MD, USA, 2University of Massachusetts, Amherst,
MA, USA, 3Johns Hopkins University, Baltimore, MD, USA, 4Universitat
Jaume I, Castello´ de la Plana, Spain, 5University of Calgary, Calgary, AB,
Canada.
Voltage-dependent anion channel (VDAC), the major channel of the mitochon-
drial outer membrane, serves as a principal pathway for ATP, ADP, and other
respiratory substrates across this membrane. Recently, we found that free
dimeric tubulin induces highly efficient reversible blockage of VDAC reconsti-
tuted into planar lipid membranes. Although the tubulin-blocked state is still
conductive for small ions, it has reduced dimensions compared with open state,
reversed ionic selectivity, and most importantly is virtually impermeable for
ATP. We proposed that by blocking VDAC permeability, tubulin controls
mitochondrial respiration. We suggested a model of VDAC-tubulin interaction
where the negatively charged C-terminal tail (CTT) of tubulin partially blocks
VDAC pore. The corresponding effective ‘‘gating charge’’ of the blockage isimpressively high of about 10-14 elementary charges, which compares well
with the gating charge of the most voltage-sensitive channels. Surprisingly,
this gating charge only mildly depends on salt concentration and significantly
exceeds the total number of negative charges of tubulin CTT. This indicates the
applied field interacts not only with CTT but also with VDAC charges and
dipoles, with all of them contributing to the effective gating charge. Our results
also demonstrate that additional steps are involved in the blockage process. We
found that lipid-dependent tubulin binding to the membrane greatly impacts
VDAC blockage by tubulin. At 100 mM KCl, the charged lipids significantly
affect the conductance of the tubulin-blocked state and the on-rate the block-
age, but even at 1 M KCl the lipids with different non-lamellar tendencies
were shown to change the on-rate by two orders of magnitude. These data
allowed us to conclude that hydrophobic interactions between the tubulin
and the membrane represent an essential component of the multistep process
of VDAC blockage by tubulin, providing a new instructive example of lipid-
controlled protein-protein interactions.
1103-Plat
Interplay of the Opposing Bax and Bcl-2 Proteins at the Mitochondrial
Membrane during Apoptosis
Marcus Wallgren1, Martin Lidman1, Anders Pedersen2, Go¨ran Karlsson2,
Gerhard Gro¨bner1.
1Department of Chemistry, Umea˚, Sweden, 2Swedish NMR Centre,
Gothenburg, Sweden.
The pro-apoptotic Bax protein and its counterplayer, the anti-apoptotic Bcl-2
integral membrane protein, exert their opposing actions at the mitochondrial
outer membrane; a process crucial in the regulation of the mitochondrial apo-
ptotic pathway. Overexpression of Bcl-2 causes severe failure in this regula-
tion, leading not only to the development of cancer but especially to drug
resistance of numerous tumours. But how Bax and Bcl-2 interact with each
other to determine the fate of the cell is still an unsolved mystery. Bcl-2 has
been suggested to inhibit apoptosis by directly binding to and sequestering
Bax. However, other studies imply that Bcl-2 instead inhibits the BH3-only
proteins which normally would activate pro-apoptotic proteins. Co-
immunoprecipitation studies have indicated that Bax and Bcl-2 associate
with each other, though the few biophysical studies that have been published
previously have only involved truncated and/or otherwise mutated Bcl-2 vari-
ants. Here we present for the first time biophysical data for the interaction be-
tween full-length hydrophobic Bcl-2 and soluble Bax. By using CD
spectroscopy protein-protein interactions were detected at low concentration
of Brij-35. Fluorescence experiments supported this observation, where the
presence of Bax prevented the binding of a Bcl-2-specific ligand to Bcl-2. In
addition, a method for the reconstitution of Bcl-2 into proteoliposomes was
elaborated. By using a mixture of Brij-35 and Triton X-100, it was possible
to incorporate Bcl-2 into DMPC-vesicles, confirmed by ultracentrifugation fol-
lowed by SDS-PAGE. In summary, this study provides further evidence for the
putative interaction between Bax and Bcl-2. Furthermore, a method for recon-
stituting Bcl-2 into membranes is presented, a prerequisite for future studies of
the protein in in vivo-mimicking membrane environment, potentially providing
information crucial for understanding the regulation of apoptosis as well as for
the design of novel anti-cancer drugs.
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Gas microembolism remains a serious risk associated with surgical procedures
and decompression illness. Despite this, the signaling consequences of air
bubbles in the vasculature are poorly understood and there is a lack of pharma-
cological therapies available. Here, we investigate the mitochondrial conse-
quences of air bubble contact with endothelial cells. Methods and Human
umbilical vein endothelial cells were loaded with an intracellular calcium indi-
cator (Fluo-4) and either a mitochondrial calcium indicator (X-Rhod-1) or mi-
tochondrial membrane potential indicator (TMRM). Contact with 50-150 mm
air bubbles induced concurrent rises in intracellular and mitochondrial calcium,
followed by a loss of mitochondrial membrane potential. Pre-treating cells with
1 mmol/L ruthenium red (RuR), a TRPV family calcium channel blocker, did
not protect cells from the mitochondrial depolarization, despite blocking the in-
tracellular calcium response. Mitigating the interactions between the air-liquid
interface and the endothelial surface layer with 5% BSA or 0.1% Pluronic
F-127 prevented the loss of mitochondrial membrane potential. Finally, inhib-
iting protein kinase C-a (PKCa), with 5 mmol/L Go¨6976, protected cells from
mitochondrial depolarization, but did not affect the intracellular calcium
response. Our results indicate that air bubble contact with endothelial cells
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which results in mitochondrial depolarization. As a result, mitochondrial dys-
function is likely to be a key contributor to the pathophysiology of gas embo-
lism injury. Further, this connection between the endothelial surface layer and
endothelial mitochondria may also play an important role in vascular homeo-
stasis and disease.
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Impairment of mitochondrial function is a central event of ischemia-
reperfusion (I/R) injury leading to tissue damage and cell death. We studied
the relationship between mitochondrial Ca2þ overload, reactive oxygen species
(ROS) generation, opening of the mitochondrial permeability transition pore
(mPTP) and cell death in rabbit ventricular myocytes exposed to simulated
I/R. Changes in mitochondrial Ca2þ ([Ca2þ]m) were measured with X-Rhod-
1, ROS generation with Mito-Sox Red, mPTP opening as mitochondrial calcein
red release, and cell death as lactate dehydrogenase release. I/R was induced by
exposing cells to glucose-free Tyrode solution containing 20 mM 2-deoxyglu-
cose and 2 mM NaCN, pH 6.4, followed by superfusion with standard Tyrode
solution. No cell death was observed after 20 min of ischemia despite a signif-
icant increase in [Ca2þ]m, ROS and mPTP opening, however cell death in-
creased significantly after 15 min of reperfusion. The Ca2þ uniporter blocker
Ru360 partially prevented [Ca2þ]m increase and completely abolished ROS
generation and cell death when applied during I/R, however application of
Ru360 only during reperfusion did not protect from cell death. Scavenging
ROS with superoxide dismutase mimetic MnTBAP or antioxidant Trolox pre-
vented reperfusion-induced cell death. Blocking mPTP during ischemia by
cyclosporine A or depletion of mitochondrial inorganic polyphosphate did
not provide protection against cell death during reperfusion, but instead led
to increased mitochondrial ROS accumulation. However, inhibiting mPTP
opening during reperfusion with cyclosporine A attenuated cell death. We con-
clude that mPTP-dependent cell death during reperfusion is mediated by Ca2þ-
dependent ROS generation during ischemia. Moreover, our data suggest that
mPTP opening during ischemia could serve as ROS escape pathway from
mitochondria and thereby attenuate mitochondrial ROS accumulation and
ROS-mediated cell damage during subsequent reperfusion.
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Multiple interactions between Ca2þ-signalling and reactive oxygen species
(ROS) production are thought to exist and be of both physiological and patho-
physiological relevance. However, until recently, the study of ROS in the con-
text of Ca2þ-signalling has been hampered by ROS probes limited in both
specificity and targeting. To measure ROS in discrete subcellular domains,
we compared the genetically-encoded ratiometric H2O2 sensor HyPer with
the redox de-sensitized derivative SypHer to control for non-specific changes.
These probes, targeted to the ER lumen, ER membrane (cytosolic face), cyto-
sol, mitochondrial matrix and outer membrane (OMM) and the IP3-receptor,
are positioned to assess redox changes at a local level. In resting conditions,
the ER lumen showed >3-fold increased HyPer ratio compared to the outside
of the ER membrane, bulk cytosol and mitochondrial matrix and OMM. In the
ER lumen, IP3-linked Ca
2þ-mobilization induced a prounounced, downward
shift in HyPer ratio, whereas little or no change was detected in other compart-
ments. In permeabilized cells, mitochondrial Ca2þ-overload was accompanied
by substantial increase in H2O2 detected in the matrix and at the OMM. These
data demonstrate that redox environments within individual cellular compart-
ments constitute a complex and dynamic interrelationship with the concentra-
tion of free Ca2þ. The ER lumen is highly oxidized and exhibits profound
decreases in H2O2 concommitant with Ca
2þ-release. Interestingly, these
changes are not transmitted to the outer leaflet of the ER membrane or to other
compartments. Mitochondria resist redox changes under moderate stimulation,
however, during mitochondrial Ca2þ-overload and collapsed membrane poten-
tial, strong H2O2 generation is detectible in the matrix and at the mitochondrial
surface. The ROS generated and detected at locations immediately apposed toCa2þ-transport proteins, such as the IP3-receptor, may modify their function at
a local level and contribute to the feed-forward cycle of Ca2þ-dysregulation
and subsequent cell death.
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Chronic alcohol consumption causes severe pathology in liver, associated with
altered metabolism and reduced ATP production. Liver mitochondria isolated
from alcohol-fed animals show decreased capacity for electron transport and
ATP synthesis, impaired calcium handling, and increased ROS. In parallel,
the endoplasmic reticulum (ER) also shows increased ROS and a stress re-
sponse. The close correlation between defects in mitochondria and ER is
matched by recent evidence of the functional integration of cellular responses
(including calcium signaling) involving these organelles. To evaluate the ultra-
structural basis of alcohol-induced changes, we performed transmission elec-
tron microscopy and electron tomography studies of rat liver. Hepatocytes
showed a large number of mostly round mitochondrial cross sections, which oc-
cupied ~20% of the cytoplasmic area. The cell cytoplasm in chronic ethanol-
fed (9 months) condition exhibited reduced particle density, indicative of cell
swelling, and contained large lipid vesicles. The mitochondria were generally
intact but showed narrower intermembrane spacings within cristae and at the
organelle periphery, consistent with low-scale matrix swelling. In both control
and ethanol-fed conditions, mitochondria were typically surrounded by exten-
sive ER, with cisternae sometimes sandwiched between neighboring mitochon-
dria. In one case, ER was prominent at a site of mitochondrial fusion/fission. As
previously reported, regions of close ER-mitochondrial association (20-60 nm)
contained numerous ‘‘tethers’’ between outer mitochondrial membranes
(OMM) and adjacent ER. While individual tethers were discernible, dense
granular material (including ribosomes) within OMM-ER interfaces interfered
with accurate quantitation of tethers. However, membrane spacings could be
readily measured. It was found that the mitochondrial surface in close associ-
ation with ER was significantly reduced in the chronic ethanol-fed condition as
compared to control (17.5 5 7% vs. 39 5 2%). This might be expected to
cause reduced calcium signaling between ER and mitochondria in liver after
chronic alcohol ingestion.
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Nm23-H4/NDPK-D forms symmetrical homohexameric complexes in the
mitochondrial intermembrane space. The well established function of the en-
zyme is phosphotransfer activity as a nucleoside diphosphate kinase (NDPK),
using mitochondrial ATP to regenerate nucleoside triphosphates. Nm23-H4 is
further known to strongly bind in vitro to anionic phospholipids, mainly cardi-
olipin, and in vivo to inner mitochondrial membranes. We show here that such
protein/lipid complexes inhibit NDPK activity but are necessary for Nm23-H4
to function in selective intermembrane lipid transfer. Nm23-H4-deficient
HeLa cells expressing either wild-type Nm23-H4 or a membrane-binding
deficient mutant were analyzed by membrane fractionation and LC-ESI-MS.
Data revealed that wild-type Nm24-H4 increased cardiolipin content in
the outer mitochondrial membrane as compared to mutant enzyme. This
correlated with higher susceptibility of wild-type enzyme expressing cells
to rotenone-induced apoptosis as seen by increased annexin V binding,
elevated caspase 3/7 activity and stimulated release of cytochrome c into the
cytosol. Molecular modeling of Nm23-H4 binding with cardiolipin reveals
potential intermembrane transfer mechanisms. We propose that Nm23-H4
acts as a lipid-dependent mitochondrial switch with dual function, allowing
either for phosphotransfer or for cardiolipin transfer, with a role in apoptotic
signaling.
